In this paper we present the second experiment in combining teaching and research: the testing of MOT and its new adaptive patterns. MOT is an adaptive hypermedia authoring tool based on the LAOS adaptive hypermedia authoring framework. The patterns are implemented via an adaptive language that uses a low granularity domain model, LAOS, to extract the adaptation alternatives. The tests were performed in a class of over thirty students enrolled in the fourth year of the University "Politehnica" of Bucharest, taking a two week intensive course in Adaptive Hypermedia. The focus of this paper is on the experiment itself, and its parameters: the setting and initial planning, the implementation and the results. Finally, we will comment on the results and interpret them.
Introduction
Adaptive Hypermedia (AH) [4] appeared in response to the need for personalized views and guidance systems especially within educational hypermedia. Adaptive hypermedia aims to provide customized, appropriate information for each student. This can only be of benefit to the two actors in the learning process, the teacher and, most importantly, the student. However, in spite of its successes and novel implementations, adaptive hypermedia is still largely unknown within the e-learning community, its most important target. This may be due to some of its disadvantages: the authoring task is complex; good authoring tools are lacking; reuse of authored materials is difficult; the structural overview is lacking; the adaptation is hidden in the implementation; authoring cooperation is almost impossible; and, finally, there is no standardized approach to adaptive techniques and behaviours. As a response to these problems, we have endeavoured to extract patterns of adaptive hypermedia authoring, which can be reused. A pattern is described in [4] as the pairing of a problem and it's (repetitive) solution(s). Therefore, we have extracted typical AH problems, and defined the elements of the solutions [11] . Based on this theoretical background, as well as on a previous framework for authoring of adaptive hypermedia systems, called LAOS [9] , we have implemented MOT (My Online Teacher [11] ) 1 ). MOT is gradually implementing LAOS and the extracted AH authoring patterns. This paper presents an experiment using MOT with a class of undergraduate fourth year students that had to transform themselves into authors of educational adaptive hypermedia material. To test an authoring system, two types of experiment are required. The first step is to test the system with the authors of educational material, to see what type of products can be produced, what kind of flexibility can be achieved and how the authoring efficiency has been affected. The second step is to test the resulting educational material with (student) users, to see how the learning efficiency has been affected. In this paper we report on the second set of tests of the MOT prototype, belonging to the first category of possible experiments. Previous tests were described, based on user requirements and an earlier version of the system in [7] . The remainder of this paper is organized as follows. First, we undertake a short review of MOT and its components. Then, we present and discuss some student output samples. Following that we present the statistical analysis of the results of the course and student assignments. Finally, we discuss these results and conclude.
MOT
MOT [10] is an AEH web-authoring environment, constructed based on LAOS and LAG -the three-layer model for authoring adaptation, as introduced in [8] .
MOT implements LAOS and the AH authoring pattern dimensions [11] : it contains a domain model in the form of a conceptual hierarchical layer (of atomic and composite concepts, built from a variable umber of attributes). This is the part of the implementation that contains the learning resources, annotated with the respective metadata. The second part, also implemented from LAOS, is the goal and constraints model, in the form of a lesson layer, dealing with alternative presentation of contents at attribute level or above. This part of the implementation contains instructional material and instructional metadata. This structure conforms with the requirements of the W3C towards the third generation Web, called the Semantic Web. MOT now also implements a version of the LAG model, by having a newly added adaptation model with three possible levels for adaptation functionality. This means that the adaptation itself follows a three-layer granularity structure: direct adaptation techniques and rules; an adaptation language; and, adaptation strategies. Moreover, adaptation strategies can be saved as adaptation procedures and reused within other adaptation strategies, in the same way the adaptation language is used. In this way, the adaptation language can be extended and refined. The adaptation language and the adaptation strategies aim to reflect recurrent patterns in adaptive hypermedia authoring, so that the authors are spared the repetitive call to low level adaptation techniques. This means that authors can create the static element of their courseware (i.e., the educational resources) and/or the dynamic element (i.e., the adaptation and personalization behaviour requirements) -in other words, author by using static or dynamic patterns. They don't have to author everything, because emphasis is on reuse, both for static as well as for dynamic material. This gives authors the freedom to make their own choices, according to their experience and preferences. For our experiment, we allowed the students some reuse, especially of static material, but as the experiment's focus was on adaptive patterns and the authoring of the dynamic part, they had to create the dynamic material as well.
Experimental Goals and Procedure
By testing MOT in a classroom environment, we sought feedback on: the extent to which our
• goals were fulfilled with this system o LAOS pattern dimensions; o separation of domain; o goal and constraints models; o automatic authoring and automatic linking; LAG representation; o adaptive patterns representation; o and adaptive strategies representation; and the • usability of the whole system. The students were over thirty Romanian nationality students studying with the Faculty of Engineering in Foreign Languages at the "Politehnica" University of Bucharest. They were exposed to an intensive two-week course from 5 th to 17 th of January 2004, consisting of a set of lectures about adaptive hypermedia, and a hands-on testing time combined with tutoring during their progress. Specifically, the students were exposed to the following procedure [ All of the students had to individually go through all the assignments. Group work was allowed, however, the output had to be individual. Here we need to mention that the students were told from the beginning that their negative evaluation of the system would not affect their grades, but that the thoroughness and constructiveness of their answers would. The questionnaires and the tests were kept apart, in order to separate their opinions about their experience from their actual results and work. In this paper we focus mainly on the results of the students' work, and what we can learn from it. The questions of all the questionnaires were mapped on a Likert scale between 0-10. There was plenty of space provided for free evaluations and opinions. The students' MOT system evaluation results were analyzed for: mean, standard deviation, and correlation [14] . Finally, the student course, adaptive procedures and strategies creation results were analyzed, in order to reflect on the: time necessary to become familiar with MOT; perceived flexibility of MOT; perceived freedom of expression in MOT; time necessary to create some courseware using MOT, etc. Their concept maps and respective lessons (corresponding to the goal & constraints model) can be seen on the online (Unix) MOT version [11] .
Student Output
In the following, some of the student results are shown, then analysed. Figure 1a shows a part of the list of concept maps created by the students of the Adaptive Hypermedia course in Romania, and Figure 1b shows an instance of a concept map created by the student with username 'agd'. Figure  1b shows also the hierarchy of concepts. When selected, concepts display their component attributes, which are either the actual learning resources, or pointers to them. Figure 4 shows an instance of a lesson created by a student with username 'mariuszah'. In Figure 4 we can see that lesson components are ordered (they are numbered). This order can be changed by the author. On the right of the learning item group titles, the flag 'AND' marks the request to consider all lesson components mandatory. The flag 'OR' would mark the free choice of any of the items in the group. The adaptive strategy in Figure 2 checks if the exercises are solved for a general concept 'Concept' and, if not, displays the explanation attribute (hints helping to solve the exercises, it is to be presumed). Either way, it goes on by displaying the mark or evaluation of the student. If general concepts are used, this means that the same strategy can be applied to any concept map that has the attributes that are used in it, so reuse is straightforward.
MOT also allows specific concept use, e.g.:
Music.Mozart.compositionnumber > 25
Students have also been using this latter type of referencing. In Figure 2 'UM.Concept.mark' should actually be replaced by 'PM.(UM).Concept.mark', referring to the presentation (PM [9] ) of the user model (UM [4] ) concept (Concept) mark being displayed. However, the current implementation of MOT doesn't allow for the latter more precise expression version. Figure 5 shows another short strategy that also uses a call to a new adaptive procedure, 'proc_next', previously created by one of the students. This was required by one of their exercises in order to show that they knew how to reuse the dynamic part of the AEH system, and not only the static part. It should also be noted that students used domain and lesson map overlay user variables frequently, for example to check if some particular resource was read, or accessed, or understood. Finally, Figure 6 displays a longer, more elaborate strategy written by one of the students. It displays the usage of stereotypes, such as beginner ('incepator'), advanced ('avansat'), checking student marks ('Nota'), checking of pages read, etc. 
Results
Some of the student results according to the evaluation at various stages are presented in the following. We will present some detailed hypotheses we made and the actual results confirming or refuting them.
Hypothesis 1:
The performance on the MOT experiment and on the exam is similar (depends on the students' mental abilities).
Hypothesis 2:
The performance on the three parts of the MOT experiment is similar (the creation of static material is similar in complexity to that of dynamic material.
First let's have a look at the individual trajectories of the students performance with respect to the four major tests: the exam (post-test), and the three hands-on experience evaluations of work with MOT. The three parts of MOT testing were concerned with domain concept map editing; the lesson map editing; and the adaptive strategies editing, as exemplified in section 4. For more information on the tests see [1] and Annex 3. Figure 7 shows that most students performed better with the system than in the written examination. This is probably also due to the fact that they had constant guidance during the work with the system, as well as peer help, whereas in the exam they did not. Also it can be seen that the spread of marks is greater for the exam and the third MOT experiment. This shows they were of greater difficulty then the first two experiments. The exam questions covered the whole study material, and therefore probably the difficulty. The third MOT experiment was on creating the dynamic part of the system, which was more difficult. This refutes the 2 nd hypothesis. In more detail, the pair-wise correlation between the results of the MOT experiment is high (first and second part, 97.8%; second and third part, 94.5%; first and third part is 94.1%). So even if the results were different in average and spread, they are highly related. The refutation of hypothesis 2 means that dynamic material creation is more complicated than static material creation, and would probably require some specialist or trained personnel.
To investigate hypothesis 1, we look at how much does the knowledge of the theory influence the good performance in the practical element, and vice versa. Note that the exam took place after the theoretical element of the course, when the practical work with MOT had only just started. Figure 8 shows a high correlation (68.6%) between the performance with the MOT system and the exam. This would lead to the conclusion that the knowledge of the theoretical and practical elements are correlated. This confirms the 1 st hypothesis. This also means that teachers and authors will need appropriate training to understand the purpose and meaning of what they are doing, at least for the part (e.g., static or dynamic) that they are authoring with the system.
Hypothesis 3:
The students' results with the MOT experiments are dependent on their prior knowledge.
To check whether the students' results are dependent on their previous background knowledge, we compare the pre-test and the post-test (exam) results (Figure 9 ). Are the pre-and post-test results correlated? Seemingly yes, but let's look at the exact data. We compared only the students who performed both tests ( Figure 9) ; the others, who took only the post-test, are not be included. The results of this comparison can be seen in Figure 10 . Surprisingly enough, the correlation between pre-test and post-test is low (24%). Similarly, comparing the performance on the MOT experiment with the prior test, we obtain a low correlation (-39.7%). This seems to point at the fact that their prior knowledge had little to do with their later performance, refuting hypothesis 3. Indeed, examining the results of the pre-test, one can see that their prior knowledge was quite low (average of 29.5%). However, the variations in the prior knowledge, together with the fact that it doesn't influence the final results too much, leads to the conclusion that, with short, proper training, anybody would be able to create adaptive educational hypermedia courseware.
Hypothesis 4:
The MOT system is easy to use.
As Figure 11 shows, the hypothesis 4 is supported by the questionnaire on system usage (Annex 3), as follows. The same figure also shows a high preference towards the need of technical support, although, as question 7 shows, the system is considered easy to learn by the majority (mean 3.15, but with high variance 1.36).
The questionnaire also shows that the system is considered to be well integrated, even if inconsistencies are still found. For the latter, the students spotted for instance a bug at saving the strategies again without name change, which can sometimes result in loosing the information and having to type it again.
Hypothesis 5:
The MOT system is flexible (many different alternative views can be created easily).
For the testing of this hypothesis, we had to look first during a qualitative evaluation at the different products the students delivered. Many students created also their own concept attribute types, for instance, to express information of a nature other than that in the standard attributes provided by MOT. The variety and flexibility of their created material can be seen on the MOT site for the experiment [1] . For a quantitative, statistical evaluation, we performed a different questionnaire on MOT usage. Here we are going to present only the part of it directly related to reuse, as shown in Figures 12, 13 as we consider, as already stated in the introduction, that reuse is in itself a measure of flexibility. MOT is supposed to provide authors with AH pattern-based solutions for authoring, allowing as much reuse as possible. First we started by asking the students' opinion about the usefulness of reuse within MOT. Please note that this was done after they had performed all the tasks in Annex 1 on MOT, so they generally speaking had a good grasp of what type of reuse is achievable in MOT. We therefore limited the question to those items that can be reused, such as other authors' concept maps, ones own concept map, others' lessons, etc. The results are shown in Figure  12 . Students found most useful the reuse of elements from their own concept maps (mean 4.48, variance 0.62), as well as the reuse of the adaptive procedures (mean 4.33, variance 0.89) and the reuse of their own adaptive strategies (mean 3.7, with a higher variance, however 1.76). It is interesting to note that the reuse of their own material in different presentations was considered generally speaking the most useful (probably because the author knows the contents and its goal the best use). However, all reuse questions scored above average.
Next, we looked at what the students really reused, and in what proportion, as shown by Figure 13 . Most reuse takes place, as can be seen in the Figure 13 , in the form of reuse of ones own concept maps, lessons and adaptive strategies. Please note that the actually reused were adaptive strategies and not procedures, as were selected previously as being useful to reuse. Adaptive procedures themselves are also reused, but to a lesser degree. Linking seems the slightly preferred way of reuse, as opposed to copying, even for the reuse of ones own material. The reuse of others' materials is on a much smaller scale, as can be seen in the Figure 13 . Moreover, in the reuse of others' materials, linking is highly preferred to copying. These results support hypothesis 5.
Conclusion
This paper reports on the results of the second set of 'in class' experiments for the MOT system, and adaptive hypermedia authoring system with application in education. At the time of the experiment, MOT only implemented three of the five layers of the LAOS framework, so the testing was able to give us useful insight about the next implementation steps necessary to fulfil the LAOS requirements. The results shown here are only a partial analysis of the data, and further correlation analysis (for instance, between the different answers) is necessary to extract the significance of these results with higher confidence. Moreover, have examined the data of the questionnaires concerning system use, in order to relate these to the students' results and determine possible improvements of the current implementation of the MOT system, in addition to generating more feedback of a theoretical nature. We have shown (section 4) what type of products the students can produce with the MOT system based on patterns of adaptive hypermedia authoring. The examples covered both major aspects of the system: static and dynamic data creation. For a larger statistical view, we have shown the individual grading results of the whole class for the project work ( Figure 7) . In order to determine the efficiency and flexibility of the proposed pattern dimensions, we have looked at the problem we tried to tackle: reuse. The questionnaires give answers with respect to the degree of perceived reuse and actual reuse in MOT (Figures 12, 13 ).
Moreover we have performed evaluations for the specific case of adaptive patterns, expressed at the different levels with the help of adaptation language and adaptation procedures and strategies. We have questioned the students about their understanding and usage of these components, about superfluous elements and about what they found lacking. Other information resulted from our evaluations. We have learned, for instance, that theory of adaptive hypermedia must be related to the praxis, showing that there is some minimal training required in order to produce viable AEH. To localize the training needed for creating static or dynamic elements of the AEH, more specialized tests would be necessary. However, from the preliminary results, as expected, it seems that creators of the dynamic material would need most of the training. This can be seen in Figure 7 , where for the third phase of testing (dynamic rule authoring) most students had lower scores. These results may however be influenced by the fact that students have a general tendency to score less in the last part of a hands-on test, when they consider to have already scored more than enough to pass in the previous sections.
Concluding we would like to remark that, as there are no benchmarks for adaptive educational hypermedia or AEH authoring, testing in these domains is vital. Here we have shown some results of this important process in the development of an authoring system for general AEH.
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